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InGaN/€oN SBW> 



(2) 

1 

iwm%2] mmt&Ffrbz&mmte. in, a 

1, Gai-,-, N (0<x^K O^ygl. 0^x + 10 
y^l ) ipt>^hmmmt^ In, Al.Gai-,-. N 
(x<z. 0<zgl. Ogwgl, O^z+w^l) 

(OTf> 0 . fflBHUtttil'& < t i> x&tf z 1 

o-es> set t -tim^m i ^«o^^sss 
s. 

[fi#S3 ] #4 mm? ? y mmrnmtit 

^t&<x®m#pmt®m$mb<wtmf&m 

iwmm ] m m&vfyy mwrnmbit 
wmbti^izmmztxJzmm&hKhftQmtirr 
z>*mwmgmiz&^x. 

m&m=H)*e>%hmm\i. mum mwm? 
j yvmwmfrbi<m-thmnz. mtimmn* 

5^b&KXWi#PmbWammv>rt>V¥v yT 30 

[f££«5i mssmmm^^j:imm\i. ma 
m vmwimry-Yvmw-rtiii^bwmiz. 
vTMz&mt z b zmibthmmimmm. 

[0001] 

a m*mftm#m3mizmzti&i><7>TS> h . 

[0002] 

iJntiOplGaN (WTp-GaNtBSSrTI,) CO 
[0003] GaN&LD. LED<0±^S^[«iW 



^^10-242512 

2 

^-COSAIiLDCDJSN^ SCH (Separate Confine 
nent Heterostructure ) SeOMQW (Multi Quanttm We 

11 ) &^pm&^^hmm mTMQvr%&®b 

r-rt z b . mmizwQwfflm<mwwL®<r>WF 
mbm&WL®<r>#Fmiz±%%m.wm.L. urns 
mco$&mz}t<xmm<Dm&bi&t&im&m 

[ 0 0 0 4 ] it 4 m&V? y -y mfrt>Mh&3£/t- 

a. mwwrtitwmxmizti. MQwattaw+ife 
mztoh&mx-zimtz. &*mtf±z^K®<r>#p 

mii*$&*z&K.Xrty v 7#>bb Or 9, mqw 

JSttBi^^aj^^lftlRS^T^tGaN^LDO 
[0005] * Jtl5IE^ 5 >y KJia^illfc 

ifeASti*:*^ jBFL3&«ll*S^fc:J:0«il£UGaN*L 
#tSGaN^LEDtOV^Tt>*^>nS. 

[0006] ztit>coffim&*®m&tiMz. mw 
QVfmm<v#Fmc?>&$:mni 2 omi±tzmmtt 
u&vbhtixzt:. zn£o£#pm<m*ms*ix 
if, ymco^Fm^mL^wf. m.<m$&\zz.h 
^nmmi^w^hzbifixth. 

[0007] Z<mbK MQWiSttJf £#FJ1 
bm§mb<tf5lz\i'\Tn#mtl t Bi8.2ti. Zffy^TV 

m^am-^m^izx t )*>&m&<r)xm<mi-t& . 
#p®o&m<*tu$. MQwmMiz#wmb<mm. 
mcr&<e>mtf&£ti&zbiz?£'). zmtzm&x 
PS<o^t j: 0 MQwmmwzm&>t>frimx2ti 

[00081 i<0^«)GaN^LDt:tJ^T»i. MQW 

mm*?LDm.iz ! m%+ft%mzmt:tt>. # 

smmizm&ztLh. ^x. mma 1 i-vm 
<?5MQw?stti^^rtSLD{cfcv^. s«o^>ies&^ 
mbtih#p®<m\tmm&\ owxfbztix 

[0009] m-. mmmtrixromfriuL. 
^memm^ l d ^mmm z v^hzv. m. 

HfflflS^il^I nGaA 1 P&LD X* 
6 00nm-CJ>»). KiS^DVD^XrAfc^^S 
&S4 0 0 n m~4 3 0 n m(0L D Z$mt& Z b ttB 

[0 01 0] GaN^LD. LE D(iiE<0«[S®ao 

^^•r, zh<zmL%0mBibWohzbimt>ti 
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"CHS. L*>l,GaN£LD. LEDti, (fe|W)»f*fc 
±^rt)Of±±Sttfk7)GaNfc I n, Gai-, N (Og 

x^o. 3) tnm^m&mzhzt-chh. 

[00 11] InGaNmTt<t!®5:^» 
TJBOMU GaNJitf-f FJffc L-CfflV^tlS^. n 

dOfc£p-GaN;«M KJHBft 10 
fc^^2 0 0*C~4 0 0^SSc7)iaS±#5:tTitf , 
I n G a N«ttS^bX»iK«rt5 - fc 

[0012] ftoT5I?i}iSttJI+<D 1 n <rH-*ms$L\Z 1 

<0 1 nfflj&!R^-t^*). ffimEEIWfrOLD. LE 
h. 

[ 0 0 1 3 ] -3fiT I nCTWmmjS.ZTlftl&mj-St.VlE 

tii*6»it,i: iO. 3Kffltii«>t)S<^SO-CLD|BK 

[0014] -105 J: a Stttfi** 'J TBI t2£>fc 

JffcfflHS.IfctfTi'-f. GaN^LD, LED<0«14 
«C9¥«J I nm.it 1 0XJ21T <#FJ1«0 1 nffljfc 1 5 30 
%OT) fclSSStlT^^. 

[0015] MQW^tt^ t pS#>f K0aH£** y 
T«?r*£A-tS - 1 J: 0 . pS#4 KlRffiOlffl 

[00 16] ^fc. GaN^LD£fcVvm**>JT£ 

4**y7*w<-7nH^*£M^<, 40 
^-fftttMnftHryTllfcl/CAli Gai-, N (x 
>0. 1) Zm^l'XgWb*) . **v7M0>AlMt& 

v tzmnwm < & * » 3 mtb •» 

[00 17] 

<0G a N&L DliMQWrgttlfcltJJtSS^Ol^gSrlll 
OT4£i:*B«fc. MQW?Stt«+*>#F&Srj&fJfc 
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[00183 t>u MQw«ffig^rta5, av*«)jwa 

[0019]tfcfe. GaN^LD. LEDtf)$SttJli:* 

l n«j£#*£v^fc:tt. inlE*Sttffli:# 
-f WifcO^WW^M^-aWKU Uie#ffi 

[0020] *gHHtt ±f£coraSj^5:)B»-r^< 

E«fflS:t-|.2owKS5:^tW»iL. 9jW» 

Dfc«*U *^LED^fOJM$-ESifc2:BWi:-f 
S. 

[0021] 

[|g®^K^-rs7t«)<7)^a] *i£BHo¥««ci6^a 

fc*o#Flfc&SJf£^ft6C:fcfc*#&#*>6. 
idfcur. MQw«ttSco#F^^iiJirrs i 

[0022] *fc*&i»o¥^ft&ff§£Mtt. mqw« 
ttflfc^>f K«Xli*5* KJBfcRff*-*flU«e. ffiE 
MQW?SttiltJiaiS*«M=5:S#FSt»a«S-iift. 

*mpmmm<wms&m&t&#4 vmxtt 

7 5 >y FJ|(3fi< && J: 3 1= L? * #4 FJIJUi? 5 v 

•e-. *^^i^tMQws§tts^«)^s#F®tKa« 

[0023] ft«cWfcr«*%Hgo^«c|Bfciia«. » 

WKrft . 4r*< t i> 1 oco»SSair#F^<0^m 

[ 0 0 2 4 ] #a L< unS»ffi7flBg^^%«8SfiJI 

« x In, Al, Gai-,-, N (0<x^l, 0^y^ 
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1. O^x + yg 1 ) ipt>%&WMfflb. In, Al. 
Gai-,-, N (x<z, 0<z£l. 0£z+w=£l) 

iiTt>&zb*mkb-?&. 

[ o o 2 5 j *%wm>wm3m±. immm* 

mzmwamm-tts z t s- *imt -rs . io 
[0026] tt&mfr^mamm*. m&m 

[oo27] l < \±^wn<^mwmMm. 

FAK>tYftu&>2:a|aiz % *v -/7m£M : m-Z>Zt : $: 
[0028] 20 

imkrmmvmmi jar. ®Bszmiix*micom 
temmzmmizmwti. itub£&9mmmiz*t 
mrtmmiz^xmmizwmt^. m&gfmztix 

V^GaN^LD«Bfffifi|jS5:01 Hz^t. GaN« 
LD»i. 1f7T-f7£IEl, n-GaN3^M2. 
Ti/AuTSSffiffi3. n-AlGaN?77FI4, 
n-GaN#>f KJf 5. In. Gai-, N/GaN*»£> 
&l>MQWjS1£I6 (J31TI nGaN/GaN • MQW 
«ttJIi:B&80 . p-GaN^ K*7. p-AI Ga 
N?7'yK18, p-GaN3y^M9« Si 0 2 30 
K10. Ni/Au±&miil Ifrh+oX^h. 
[0029] ffl&m\tM1%l n, Gai-, N/GaN 
(0<x<0. 3) O#FS* { 2 0SSOMQWStta 
izX OttttdilTV^. A 1 GaN?5«/ KJBttA>K 

[0 0 3 0] 01 lt;^rtGaNi&LD«. LD£fl|j£ 

-r^mimifi-fyr^rmsLUzm^tix^. a 
tzLD$ft<?>Lz\,mm$®&iimtz>t:#>. sio 

aw*. z<ni.i)\ mtttmm&xvjiTmoio 

[00311012 J± 15EG aNSLD £7)«tt®i££® 

5fflO*&£*^$*rO^. iI8«02ffi'vf oj$£SL 
DOffiS**^ 01 2fc?i^J:3&MQWjSttfi£:3rt' 
& G a N&L D Oflt££Sltt£ £ b h . 
[0 0 3 21 L*»U «tt«akCinS:ffltriby>f 

GMZlTthLD(m&Zfflmi-?>. GaN^LD^f 50 
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[0 03 31 GaN^LDOiSttJIiil n, Gai-, N 
£JBWC#JSU #4 KJUiSWKJaN. ?7 7H1I1 
Ga, Ali- y N&m^XB&Ztli. 01 3fct>WC 
x £ 1 frt> 0 0<OG a Ntf>£fc I n N 

jWSfcU y*l*^0fC^ft;-rittfGaNO^ii:A 
l NO^fc Zt££W8i\iZ&^X*>Y**vTtm-%. 

[0 034 I LD<7>$B!^£^£fctf>fc<i. iSffif 

tmmt <m&wmmt9 y kji t^iac-s&o 
rtyv*w7<omzmfi>zttfmt%h. 013 
HGaNii nNtmJxmnim£.m-&fjm 

it. G a N A i N b ZtS&WX&Dffltilb ODfa^fcit^ 

GaNSSflJ: I nG aNiS^fc^O^JgRcOll 
GaNS»HfcAlGaN^7 yFfc<?3^1S 
^f^RWUfcJt^T^^V^fc* 1 ^!.. £fc01 3T 
\t. —fob VX I n, Gai-, NSftlOfflfi£x=0. 
2<7)®&<7)immb G a NS«E fcc^)|5|{c4i t 

[0 03 5] ZVXoiZ. I nGaNSttat»LT^ 

NiSttl fcBSS-f S G a NgiftB t J: 6 t,tf>#*# < „ 
ZtllzRKXA 1 GaN?77 FJKOifiJSSlb&xbflDi? 
£<>C9l±/h£^. m.-oX I nGaN/GaN • MQWflr 
ttWCWtfc. 3«tGaN^>f Hflt<7)^^^ 

d i: £0 1 3 frt>m?m. hZbWX-th. 
[0036] JJE«»«5Wi, M QWgtt«co±T(cB5 
«LTGaN^H^*ggj£$n. Sfefc*0±Tt=BI 
ScbTA 1 GaN?57 KJi!i»qg^iX&^fcov^T 
<^Jt*i. GaNSLD, LED<9f8jg{£ai*Lt>,r*l 

[0 037] 0lx.{fMQW?SttStA l GaN?77 H 
^d^RS^S^-tOV^Tt), 01 3frt>m<7>m 

*^«1t«* i MQWflB§t^:<T^-^I nG 
aNtftott, GaNSSSt<?)*ffitM^*«$ 

[0 0 38]«^5»^<0LD. LED5rJgfi)«-|.^rffi 
fcLT. &iX-lf I n, Al. Gai-,-, N (O^z+w 
SI ) <0«td^47Cfl:^8)S-fflV^^ffi3&«t>|,. Cl^t 
6zfcwfcM»*iur 01 2<03ftJg<0ffiHrtt:t> 

x-zmmiz&ikt&zbvx't&nx'. im^um 
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[0039] L*»U fBgSfcti^fflOfiJfc/^-^z 

k w t zmg&izmm L^&&%mg,ss.%zfi o <r 

[0040] tfcoTHBlhGaN&LD. LEDOflfcfc 
tt£Ki27C. 37cfc#l%|{::l8se$*U ±IB18^Fg£fc: 
X *)± tfcS**c <k •) . MQWjgftJf li@ 1 4 (c^-t J: 
d&Jfj&^^k&S. -FZh^GaiNimmfi^m 
*fc«k 0. 01 2t^Lfc£ffi;^®<9MQWiSttfltf> 
'^F ABBOTS* U J1-ffi5<O#FJf<i+±*l&«0#Fefc: 

[ 0 0 4 1 ] 01 4*6, *ft*0OT**6ftaidii 

[0042] &izm i tcs-^#*f«B«oiB i <rm&<m 

Wt&&* MQW?Stt^S:qrtSGaN^LDC0«|jS5r 
^nStS0^&&. JJSLfciSfc. +*3KD#FJlO 

fct&tDblC I nGaN/GaN • MQW?Jtti6<0 
JLTKBHSLT I nGaN/GaNlgftfl2, 13 

**Atfc. ^*>02t^rt«t3fc. mssmmi>m 
setts tthot tt-?z t tfx-z a . 

[004 3] *<Dfl&OLDOffijSJ±01 l£S;Lfci>tf> 
fcH«-CJ>S. ffl£l nGaN/GaNM*fftj@l&^l 
2. 13ti. GaN^ HB*^MQWS5ttS6tCjDt> 

[00 44] MQW?SttJf 6. S^fCtff 1 2. 1 3. G 
aNg&J15» 7, AlGaN?77b'l4. 8*^5: 

a*® i <nmmwmz®h g a nsl ow<y fabs 
^H2tcsrr. fflLH2ttjv^Ttt. frte*r«so^ 

[00 4 5] ZZlZMQWi&&m6<r>ftPmt%:& I n 

. Gai M N(?Mm*x=o. 2Tf> r ) . mivwrnt 

JtfiE*OAaffFS:GaN^LDU5x<^i^)®HrtTS> 
S. MQWjSttflORBJItiU GaNAvJUJI n«j£<0 
OSfc^HIn, Gai-, N(0<x<0. 05) £ 

[0 0 4 6] M«ftS+<0#FStt. In, Gai-, N 
(x=0. 0 5) £JHWCJg|£W:#. :«^In« 
j£xJiMQW}£ttJf <9#FJf 05 1 n«j£?) 1 /4~ 1 / 

RKWiGaN*Xi;U nffltfO^C/hSVU n, G 
ai-, N (0<x<0. 0 5) SJBttfc. 02T«M*g 
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5. 

[0047] ^msm<mwm±MQw^&m<mwm 

j£kMQWiStt^)#FJl<7>I nffljfck V^g 
SSHk LT(i2~5gjrC-Hi-^$&**^^^. 

[0048] Li^m i iosiss^stifc 

tfSGaN&LDOI nGaN/GaN • MQWiStt 
10 m. I nGaN/GaN=6*SWf . GaN^JlWCy 

[0049] aL^^fcJ: OliE^^W+fcittX 
KoaEV^Mttcovvrt,. 03fc^J:dfc. MQWiS 
^oAyF*^-yr<o^{cftStSC:fcfc3r9. K 

20 X'ZhZttfhfr-otz. 

[0050] <5CK:04^M06tcS^ . *fgBB<0Sg2 

0 fc. #FE?> I nfijfctt&gjftf) I nffljSJ: < 
&oTV>£. MQW?gtt«JSa^3*^3 0gS<O#F 

[ 0 0 5 1 ] #4 KJHiMSiWKOG a N4»fe* 0 . & 
t?7 7HlliAl, Gai-, N (0<xS0. 3 ) 

MQWfitt«<O¥^Infflj£^10%$: 

[0052] mi2iZ^rfiotZ. MGSI nGaN/G 
aN ■ MQWrSttE+Ttt. #FB k KfMHwSlKRl^ 

[005 3] 06«04tCSrt«J§cOGaN^LD<r)M 
QW?SttSR^<0ia#fc:*i(t5#FSOI nfijfi, R 

liZ&^Xlt. In, Gai-.N/In, Gai-, N*>4> 
^MQWStt« («TI nGaN • MQWiSttlklfc 

[00 54] #F®<0I nfflj£2 0%. S3 2nm, f$. 
MEM nfflfiK5%, Jg34nmfc?fltf. ^COk^W 

1 nW^ffl^J±»l 0%H^S. ;«J:3l:in0)f 
%ffljfc6«l 0XI=ifiV^*»»4«lfiU:TJMUjr. I nG 
aN • MQWJSttSkGaN^ HSk^lSlfc^tSS 
^*%«cfc^ , 5. ©fp^GaN^LD^^S^k*® 

so grr&o^. 
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[0055] CLOPMSrlgft-f #S82tf>Hi& 
«flRBlC&tvc. S4tS?tBtBfiijtOGaN^LD* 
liSftL*:. 01 l*)ft*fi!i&i:*>i3v*tl n, Gai-, 
N/I n, Gai-, N*>^&MQWSttffl (UTF I n 
GaN • MQWjSttJlfcftfr) 6 J:. GaN#>f Hfl 
5. 7fcW[afc. I nGaN • MQW*gttl6?>&SJf 
tJt^T, KSJ1<0I nfflj£#(£VUnz Gai-, N/ 
In, Gai-. Nfrt>%i>m&gmm (MTI nGaN 
fflj££P«i:l&fiO 14, 15£i&ft. ^frfcLTlina 
I nGaN • MQW?SttJ|fcGaNSSJIi:0>#ffijfi8 10 

[00 56] I nGaN • M QW*S*Uf -t£)Hfli<7)G 
aN3^fc«3»j£3flfcI nGaNffljd^Jltf 
WN>H1fJiSra5k^r. C:<9J:3fc*gS2tf)ilifcO 
JKBfcfc^TIi, I nGaN • MQWJgttSfc-e-iOfSfiS 

^:lC0X. BOlBI nGaN • MQWiJttJIfcGaNS* 

mt<m£mxLtM*i nGaNM^sntJ:^;: 20 

[0 0 5 7] <j?fc*^2«0HMOJgJS^GaN^LDflD 

vgytfcWCfcL I nGaNffl&^Uf+CDKSJKO 
I nfij££0%. -T^:i)^^<?)REMe5rGaNT*>Si: 

[ 0 0 5 8 ] L*>u jtrmmmt mm^izm. 

I nGaN • MQW«ttS04M>tfjeKl3»tSRaJl<9 

1 naj«t:it^*ttf. mft®&m*<mmm<»i nm& 

[0 0 5 9] 05»i. 04£*-fGaN^LD<7)iStt« 
6fc«j££3Uf 14. 15fctf>f KJI5. 
F« 4 . 8 Fffijt^^-mSHT* 6 . El 5 
I nGaN • MQWjgttSOffiSg&tf) I nGaNfil^ 

[0060] meimscofsmeffi&mmm^mtii 

l/C. VN>K^gjti:^I nffl^fc«^aS:^L7tt><7) 
Xhh . iJEOj: 3 fc I n G a N • MQWSttSOMSg 
SStl nGaNfflj^OTl^AL^GaN^LDtt. 
35 1 OHig^SfiTKCit J: d £ . InGaN MQW 
rSttltGaN/r^f KB<o#ffl?OM*cofiMgP£ig*«- 

[0 06 1] GaN^LDOiW^mEt. I nGaN • 50 
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MQW*S&®+<9#F8fcWB8&£@7fc^-r. H<0H 

fUl£3rL&V\ tfefcOGaN&LDfcBB-r SyySa 

*>W9 v y Ym<r>*\ V TS&gtiftfc 1 x 
10 16 cm-3fcLTfW£fT->fc. ^y$al/-y3 
y«Sm^-r*ftfifcf=fLfcA-7^-^Ji. mall nG 
aN • MQWjgttflO (#FS<7) I n*flfi£/f$gJltf) I 
n«j£) fcttxtf ( 2 0%/5%) mt IX^LX^ 

[0062] m^Lfcidtl nGaNffl^^ScOK 
SJfliGaN. *«D#FJf<9I nfij£lil3fEI nGaN 

- MQWffitt@*«#Fl« I nfflj£fc^L< LTV* 
o. ySii/- X3>fcffilVt#FjS<0#SJi2nnK 
P$gJl?>J¥$li4nmT*>S>. t^«J^lSr^J© 
B8fil(tt<0M QW#F8rtiv MQWJSttlcO#FIR 
fc*§ji^«fc£*h*#F»£;!ni**:fc^T;fe<K ffl 

J«^lJf££*&V^^«MQW#FlfcL MQW^ft 
m<r>WF%LZ<ni><7>Xbh. 

[0063] mi£5F?$Xo^ InGaN-MQWg 
tti^ttSGa N^LD<OlWSffi«#FtS<OJiSDfc 
&W£&irt&. §^tCP-^)A-5^-^Ott2 0%/5 

%tov^it«mitf . m&xyfcm&smmz-stsG 

aN^LDOlfl^SEJi. MQW#FISOliJntftt. 
ffljfcSfUISrtrji&V^fecOG a NifcLD<0fM£®Efc: 
Jt^Tfi< &6 CI fc „ 
[0 064] mmR.fflk<%&W&\i. I nGaN • 
MQW«SttSi:GaN^>f Kflfc^iatl nGaNM 

06 J: 3 fc. l©»«^xaB;S##Ht 

[ 0 0 6 5 ] <KfcL£ ^«mS«JS<OMQW#FS:«cff 
tt£08KJj?t. p-GaN;JMKJl. p — A 1 GaN 
7 5 -/ FJfo** y r^Sfiftt: l x i o 16 c m-s t L 
Xm%in->tl. •f<0ffi<0^5aU—>'3y^fH>. «■ 
ttt&fcft tfc^7*-*O;gl*«i07 f: Mr?** . 

[0 06 6] 08fc*rfJ:5fc. MQVffflmtftth 
GaN^LDom t>MQW#Fgt<0i81)II 
tmzwsai-i. L*>t#FJi/KSlcoi nfflj£ltA« 

2 0%/5%WJ©^, ffl^^l$r^trGaN^LD« 
8J£^!H ^*^V>«*<0G a N^L D tZ&«X 

[0067] ZCOZbfrb. InGaN-MQW^l 

o^Sfci na^^a^assr^n:. ajs^^ii: 
ixmi-&mmmm<7)><y\<*v 7 7o«»mqw 
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[ 0 0 6 8 ] 07 i@8tfimT*U:fflj£^lJ§££ 

vb®#mztm<m&®§it ox'm&wm; vxa 

*). ts£3|W)GaN^LDtt>V>T. ifrft^lEBOffijgi: L 
[0 0 6 9] ^{C*tLTfflfi^lSr^tf*^2<^| 

ISJmtfcoktaS&llUS#^2<o|gJ&^ 
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*NOflCES* 
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damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] It is used for the GaN system semiconductor semiconductor luminescence 
equipment which this invention requires for semiconductor luminescence equipment, especially has low operating voltage and 
low threshold current density. 
[0002] 

[Description of the Prior Art] Since GaN system semiconductor luminescence equipment succeeded in the crystal growth of p 
type GaN (it is called p-GaN for short below) by addition of Mg conventionally, commercialization has been advanced as the 
visible semiconductor laser and semiconductor light emitting diode (semiconductor laser is called LD for short below, and 
light emitting diode is called Light Emitting Diode for short) of ultraviolet and a blue field. 

[0003] The main troubles of the GaN systems LD and Light Emitting Diode are that operating voltage is high and that the 
threshold current density of LD luminescence is large, and the luminous efficiency of a barrier layer does not show an original 
value. In the case of LD, a big distortion exists in the barrier layer (a following MQW barrier layer and abbreviated name) 
which has SCH (Separate Confinement Heterostructure) type MQW (Multi Quantum Well) quantum well structure, the 
quality of the crystal of a barrier layer deteriorating and the especially big distortion in some well layers of the beginning of a 
MQW barrier layer and some last well layers occur, the light emission of both ends and absorption shift to a long wavelength 
side compared with the center section of the aforementioned barrier layer, and the reason is for things. 
[0004] It is eased in the well layer of the aforementioned outside, and distortion added from a guide layer and a clad layer 
reduces distortion which joins the center section of the MQW barrier layer. Compared with a center section, a band gap serves 
as smallness, the optical output from a MQW barrier layer is absorbed, the well layer of the outside where the amount of 
distortion is large is decreased, and the threshold current density of the GaN system LD increases it. 

[0005] Moreover, by distortion added from the aforementioned guide layer and a clad layer, since a lattice defect occurs in an 
outside well layer, the electron and electron hole which were poured into the active region through the defective level 
produced according to this defect disappear by reunion, and the luminous efficiency of the GaN system LD falls. The same 
problem is seen also about the GaN system Light Emitting Diode which has a uniform barrier layer. 

[0006] In order to avoid these troubles, the method of increasing the number of the well layers of a MQW barrier layer to 20 
or more pieces conventionally has been taken. Thus, if the number of well layers is increased, the damping effect of the 
optical output by the reunion of the optical absorption of an outside well layer, an electron, and an electron hole can be 
thinned. 

[0007] In addition, a hetero interface is formed between the well layers and barrier layers which constitute a MQW barrier 
layer, and a certain amount of defect occurs by grid mismatching in this hetero interface. If the number of well layers 
increases, many interfaces of a well layer and a barrier layer will be included in a MQW barrier layer, a recombination center 
will be introduced by generating of the defect in an interface into a MQW barrier layer, and optical gain will decrease. 
[0008] For this reason, in the GaN system LD, in order to acquire sufficient gain required for LD luminescence in a MQW 
barrier layer, it has been thought that the number of well layers must be increased. However, if there are many wells of MQW, 
transportation of an electron and an electron hole will be barred, and the number of the well layers which actually contribute 
to LD luminescence is limited to two - about three pieces. In LD which follows, for example, has a II I- V group's MQW 
barrier layer, the number of well layers with which the highest luminous efficiency is obtained has been made into ten or less 
pieces, when the most. 

[0009] Although the need for read-out of a high-density optical disk and the short wavelength LD for writing is increasing in 
recent years, the luminescence wavelength of the InGaAlP system LD put in practical use now is about 600nm, and it is 
difficult to realize LD with a wavelength of 400nm - 430nm for which a next-generation DVD system is asked. 
[0010] Not only the wavelength field of the above [ the GaN systems LD and Light Emitting Diode ] but the thing which may 
be further become the light source of short wavelength is known. However, compared with the material of the former 
systems / GaN / LD and Light Emitting Diode ], many technical issue points are included in the manufacture method. The 
main thing is that the lattice constants of GaN of main material and Inx Gal-x N (0<=x<=0.3) differ. 
[001 1] Although InGaN (the suffix which shows composition is especially omitted except for the case of being required, 
below) is usually used as a barrier layer and GaN is used as a guide layer, since both grid mismatching is large, if average 
composition of In in a barrier layer exceeds 10%, the distortion in the interface of a barrier layer and a guide layer will 
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become large. If a 200 degrees C - about 400 degrees C temperature rise required for the p-GaN guide stratification is 
performed at this time, it is known experimentally that an InGaN barrier layer will deteriorate or break. 
[0012] Therefore, although average composition of In in a barrier layer is usually made into 10% or less, also in this case, 
degradation of a barrier layer exists and the yield falls. Although degradation of a barrier layer is based on the aforementioned 
grid mismatching, it is considered to be one of the causes of other that In in others and a barrier layer moves or evaporates, for 
this reason, In composition in a barrier layer becomes uneven, and it becomes difficult to obtain LD of LD of low-battery 
operation, Light Emitting Diode, and low threshold current density. 

[0013] the carrier overflow effect that an electron and an electron hole will be full of the active-region shell exterior which 
contributes to LD luminescence on the other hand if average composition of In is lowered -- being generated - being easy -- 
since not only eye carrier ****** but also optical confinement becomes bad, for the improvement in efficiency of LD 
luminescence, it is not desirable 

[0014] Thus, in the present condition, a barrier layer with large In composition demanded from the both sides of eye carrier 
****** and optical confinement could not be used, but average In composition of the barrier layer of the GaN systems LD and 
Light Emitting Diode is limited to 10% or less (15% or less of In composition of a well layer). 

[0015] Although the technology of protecting degradation produced in a barrier layer in the temperature up process at the 
time of p type guide layer formation by introducing a cap layer between a MQW barrier layer and p type guide layer, and 
preventing carrier overflow is also developed, in the present condition, it has come to prevent degradation completely. 
[0016] moreover, since electron density tends to have produced the carrier overflow effect that an electron passes a barrier 
layer and flows to p lateral electrode since it is large and prevented this compared with hole density among the electrons and 
electron holes which constitute a carrier in the GaN system LD, Alx Gal-x N (x> 0.1) needed to be used as the 
aforementioned cap layer, and since aluminum composition of a cap layer was large, the problem that where of operating 
voltage became high suited 
[0017] 

[Problem(s) to be Solved by the Invention] As described above, since the conventional GaN system LD had prepared 
superfluously the number of wells in a MQW barrier layer for the purpose of avoiding the influence of the distortion in a 
MQW barrier layer, it had the fault that the operating voltage and threshold current density of LD became excessive. 
[001 8] If there is no influence of distortion by the difference of the interior of a MQW barrier layer and a lattice constant with 
the circumference layer, the efficiency of LD luminescence of the direction with few wells will become high, this invention is 
made that the above-mentioned trouble should be solved, and tends to obtain the GaN system semiconductor luminescence 
equipment in which high luminous efficiency is shown with the few number of wells by removing the distorted influence 
which joins a MQW barrier layer. 

[0019] Conventionally, grid mismatching with the guide layer which adjoins the barrier layer of the GaN systems LD and 
Light Emitting Diode and it was large, for this reason, when In composition of a barrier layer was large, deformation energy 
was accumulated to the interface of the aforementioned barrier layer and a guide layer, the lattice defect was generated inside 
the aforementioned interface field or the barrier layer, and quality LD was not obtained, but there was a problem that the yield 
was also bad. Moreover, when In composition of a barrier layer was small, it was easy to produce the carrier overflow effect, 
and there was a problem that LD with low threshold current density was unrealizable. 

[0020] It aims at solving simultaneously two problems that the above conflicts, and offering the GaN system LD with low 
threshold current density with high quality [ the yield is high and ], and aiming at application to Light Emitting Diode by 
having been made that this invention should solve the above-mentioned trouble, and making it intervene with the well layer 
and barrier layer which have different In composition or different thickness from the well layer and barrier layer of this MQW 
barrier layer between a guide layer and a MQW barrier layer. 
[0021] 

[Means for Solving the Problem] The semiconductor luminescence equipment of this invention has the feature in preparing 
the well layer and barrier layer for absorbing the influence of distortion produced from the difference of a lattice constant in 
the field which adjoins a MQW barrier layer, a guide layer, or a clad layer. Thus, without increasing the number of wells of a 
MQW barrier layer, it can continue throughout a stripe-like barrier layer and uniform LD luminescence can be obtained. 
[0022] The semiconductor luminescence equipment of this invention to moreover, the field which adjoins a MQW barrier 
layer, a guide layer, or a clad layer Prepare the well layer and barrier layer in which composition differs from the 
aforementioned MQW barrier layer, and it is made to become the guide layer or clad layer which average composition of the 
well layer and barrier layer adjoins closely. The feature is by extending the band-gap difference of a well layer and a barrier 
layer which distortion produced in the interface of a guide layer or a clad layer, and the aforementioned MQW barrier layer is 
decreased, and constitutes a MQW barrier layer simultaneously as an interface is approached to prevent the carrier overflow 
effect. 

[0023] Specifically, the semiconductor luminescence equipment of this invention has the barrier layer which a barrier layer 
and a well layer turn into from the superstructure by which the laminating was carried out by turns, and the aforementioned 
barrier layer is characterized by the barrier layer and well layer of a center section of the aforementioned superlattice being 
what contains in a trailer either at least one barrier layer from which either composition and thickness differ at least, and a 
well layer. 

[0024] The barrier layer which consists of the aforementioned superstructure preferably The barrier layer which consists of 
Inx Aly Gal -x-y N (0< x<=l, 0<=y<=l , 0 <=x+y<=l), The well layer which consists of Inz Alw Gal-z-w N (x<z, 0< z<=l , 0 
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<=z+w<=l) consists of a superlattice by which the laminating was carried out by turns, and it is characterized by the 
aforementioned composition being any one of at least x and the z. 

[0025] The semiconductor luminescence equipment of this invention is characterized by ****** which includes a laminating 
field with the average composition near composition of either a guide layer and clad with a well layer and a barrier layer 
compared with the center section of the barrier layer to the field to which the barrier layer which consists of a superstructure 
adjoins either a guide layer and a clad layer. 

[0026] Moreover, the semiconductor luminescence equipment of this invention is characterized by including the laminating 
field where the barrier layer which consists of a superstructure extended the difference of the band gap of a well layer and a 
barrier layer to the field which adjoins either a guide layer and a clad layer compared with the center section of the barrier 
layer. 

[0027] Moreover, it is preferably characterized by the barrier layer which the semiconductor luminescence equipment of this 

invention becomes from a superstructure possessing a cap layer between either a guide layer and a clad layer. 

[0028] 

[Embodiments of the Invention] Hereafter, with reference to a drawing, the form of operation of this invention is explained in 
detail. The matter common to the form of each operation at the start is explained concretely. The cross-section structure of the 
GaN system LD developed now is shown in drawing 1 1 . The GaN system LD is silicon on sapphire 1, the n-GaN 
KONTATO layer 2, the Ti/Au lower electrode 3, the n-AlGaN clad layer 4, the n-GaN guide layer 5, the MQW barrier layer 
6 (a following InGaN/GaN-MQW barrier layer and abbreviated name) that consists of Inx Gal-x N/GaN, the p-GaN guide 
layer 7, the p-AlGaN clad layer 8, the p-GaN contact layer 9, and Si02. It consists of a film 10 and a nickel/Au up electrode 
11. 

[0029] The barrier layer is usually constituted by the MQW barrier layer whose number of wells of Inx Gal-x N/GaN (0< 
x<0.3) is about 20. an AlGaN clad layer - the value of a band gap ~ large the barrier layer of eye carrier ****** and an 
optical output -- it can close and eye ** can be performed 

[0030] The multilayer structure from which the GaN system LD shown in drawing 1 1 constitutes LD is formed on silicon on 
sapphire. Moreover, it is Si02 in order to reduce the threshold current density of LD luminescence. Stripe-like current 
constriction structure is formed using an insulator layer 10. In addition to this, other current constriction structures like for 
example, an embedding stripe type can also be used. 

[0031] Drawing 12 is the band-structure view showing the detail near the active region of the aforementioned GaN system 
LD. Since it is easy, as for the number of wells, five cases are shown. The structure of the GaN system LD which has a MQW 
barrier layer as shown in drawing 12 from the structure of the usual double heteroj unction type LD can be guessed. 
[0032] However, since the difference of a lattice constant is between an active region and the light-guide field surrounding 
this, this restricts the structure of LD which has a MQW barrier layer. The relation between composition and the band gap of 
the material which constitutes the GaN system LD, and a lattice constant is shown in drawing 13 . 

[0033] The barrier layer of the GaN system LD is formed using Inx Gal-x N, and GaN and a clad layer are usually formed for 
a guide layer using Gay aluminum 1-y N. If a band gap and a lattice constant change along with the straight line which will 
connect the point of GaN of drawing, and the point of InN if x is changed from 1 to 0 in drawing 13 and y is changed from 1 
to 0, a band gap and a lattice constant will change along with the straight line which connects the point of GaN, and the point 
of A1N. 

[0034] In order to raise the luminous efficiency of LD, it is necessary to establish the difference of a fixed band gap between a 
barrier layer and a waveguide and between a waveguide and a clad layer. Since the inclination to the horizontal axis of the 
straight line which connects GaN and InN from drawing 13 is large compared with an inclination with the horizontal axis of 
the straight line which connects GaN and A1N, it is understood that the difference of the lattice constant between a GaN 
waveguide and an InGaN barrier layer is larger compared with the difference of the lattice constant between a GaN 
waveguide and AlGaN clad to the difference of a band gap of the same grade. In addition, the grade of the grid mismatching 
produced as an example between the barrier layer in composition x= 0.2 of an Inx Gal-x N barrier layer and a GaN 
waveguide is shown by drawing 13 . 

[0035] Thus, if its attention is paid to distortion added from the charge of an edge strip to an InGaN barrier layer, what is 
depended on the GaN waveguide which adjoins the aforementioned InGaN barrier layer is large, and what is added from 
composition change of an AlGaN clad layer compared with this is small. Therefore, also about an InGaN/GaN-MQW barrier 
layer, it can read that distortion is similarly accumulated by grid mismatching with a GaN guide layer at the interface of the 
aforementioned MQW barrier layer and a guide layer in drawing 13 . 

[0036] Although the above-mentioned explanation described the case where adjoin the upper and lower sides of a MQW 
barrier layer, and a GaN guide layer was formed, adjoined the upper and lower sides further, and an AlGaN clad layer was 
formed, the structure of the GaN systems LD and Light Emitting Diode is not necessarily limited to this, and when a clad 
layer adjoins a barrier layer, or when a guide layer and a clad layer adjoin a uniform barrier layer, various combination exists. 
[0037] for example, ** which drawing 13 to both grid mismatching is large, and distortion accumulates to the interface also 
about the case where an AlGaN clad layer adjoins a MQW barrier layer directly - it is clear Moreover, even if a barrier layer 
is not MQW structure but is uniform InGaN, it turns out that distortion is accumulated at an interface with a GaN waveguide. 
[0038] There is the method using a compound of 4 yuan like for example, Inz Alw Gal-z-w N (0 <=z+w<=l) as a method of 
forming LD of grid distortion zero, and Light Emitting Diode. If z and w are controlled at this time, since only a band gap can 
be changed continuously, without changing the value of a lattice constant within the limits of three square shapes of drawing 
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\2 , L'D of grid distortion zero and Light Emitting Diode can be designed theoretically. 

[0039] However, controlling two composition parameters z and w to optimum conditions in fact, it is remarkably difficult to 
perform a good crystal growth, and the present condition is that the material property of a such 4 yuan system compound is 
not fully solved, either. 

[0040] Therefore, in practice, the component of 2 yuan and 3 yuan of the GaN systems LD and Light Emitting Diode is 
limited to a compound, and a MQW barrier layer becomes the thing of structure as shown in drawing 14 by distortion 
produced by the above-mentioned grid mismatching. Namely, by distortion from a GaN waveguide, the band structure of the 
MQW barrier layer of the undistorted state which showed in drawing 12 deforms, and, as for an outside well layer, the width 
of face of a band gap becomes narrow compared with the well layer of a center section. 

[0041] Drawing 14 shows that the light emitted from the well layer of a center section is absorbed in the well layer of the 
outside which the band gap reduced by distortion. Moreover, such distortion produces defective level between the bands of an 
outside well layer, and cannot disregard the optical absorption, either. 

[0042] Next, based on drawing 1 , the gestalt of operation of the 1 st of this invention is explained. Drawing 1 is the cross 
section showing the structure of the GaN system LD which has a MQW barrier layer concerning the gestalt of operation of the 
1st of this invention. As described above, in order to solve the problem that the optical output of the well layer of a center 
section is absorbed by the outside well layer, the upper and lower sides of the InGaN/GaN-MQW barrier layer 6 were 
adjoined, and the InGaN/GaN strain relaxation layers 12 and 13 were introduced. In addition, as shown in drawing 2 , the 
aforementioned strain relaxation layer also has a superstructure and it can be considered with a center section that the 
structure of the ends of a MQW barrier layer is the thing to which it was made to change. 

[0043] The structure of other LD is the same as that of what was shown in drawing 1 1 . The aforementioned InGaN/GaN 
strain relaxation superlattices 12 and 13 act as a buffer layer which makes zero distortion which joins the MQW barrier layer 
6 from a GaN guide layer. 

[0044] The band structure of the GaN system LD concerning the form of operation of**** 1 which consists of the MQW 
barrier layer 6, the strain relaxation layers 12 and 13, GaN waveguides 5 and 7, and AlGaN clad layers 4 and 8 is shown in 
drawing 2 . However, in drawing 2 , the distorted effect based on the difference of the lattice constant between the 
aforementioned material is not taken into consideration, but the band structure decided only by composition of material is 
shown. 

[0045] The composition of Inx Gal-x N which serves as a well layer of the MQW barrier layer 6 here is x= 0.2, and is within 
the limits of the value of x of the conventional typical GaN system LD explained by drawing 1 . the barrier layer of a MQW 
barrier layer -- GaN ~ or very small Inx Gal-x N (0< x<0.05) of In composition was used 

[0046] Although the well layer in a strain relaxation layer was formed using Inx Gal-x N (x= 0.05), the In composition x was 
able to use the thing to the value of 1 / 4 - 1/3 of In composition of the well layer of a MQW barrier layer at this time, the 
barrier layer in a strain relaxation layer GaN ~ or very small Inx Gal-x N (0< x<0.05) of In composition was used The case 
where GaN is used as a barrier layer in a strain relaxation layer is shown by drawing 2 . 

[0047] The number of wells of a strain relaxation layer becomes settled in composition of the material used as the well layer 
of a MQW barrier layer. It is distorted, so that the ratio of In composition of the well layer of a strain relaxation layer and In 
composition of the well layer of a MQW barrier layer is large, and an amount is large and must also enlarge the number of 
wells of the strain relaxation layer for making distortion into zero. However, effect sufficient by two to about five as a range 
of the aforementioned number of wells was acquired. 

[0048] The band structure of the InGaN/GaN-MQW barrier layer of the GaN system LD in the form of operation of **** 1 in 
consideration of the distorted effect, an InGaN/GaN strain relaxation layer, and a GaN waveguide is shown in drawing 3 . 
Thus, if the material of the well layer in a strain relaxation layer is chosen appropriately, even if it takes a distorted effect into 
consideration, the band gap of the aforementioned strain relaxation layer can maintain a bigger value than the band gap of a 
MQW barrier layer. 

[0049] Moreover, as the deep level of the defect produced in the aforementioned strain relaxation layer by distortion is also 
shown in drawing 3 , it will be located in the outside of the band gap of a MQW barrier layer, and it turns out that the 
probability of the carrier reunion by the deep level of a defect can be disregarded compared with the probability of the direct 
recombination of the carrier in a MQW barrier layer. 

[0050] Next, based on drawing 4 or drawing 6 , the form of operation of the 2nd of this invention is explained. In composition 
of a well layer is larger than In composition of a barrier layer so that clearly from drawing 13 . A MQW barrier layer usually 
consists of repeats of about three to 30 well layer, and a barrier layer. 

[005 1] A guide layer usually consists of GaN of a monolayer, and a clad layer consists of Alx Gal-x N (0< x<=0.3). If 
average In composition of a MQW barrier layer exceeds 10%, distortion arises in the interface of a MQW barrier layer and a 
guide layer, and it is known that a quality MQW barrier layer will not be obtained. 

[0052] As shown in drawing 12 , since composition and thickness of a well layer and a barrier layer are fixed, in an 
InGaN/GaN-MQW barrier layer, the band gap which a well layer shows, and the band gap which a barrier layer shows are 
usually kept constant in a barrier layer, respectively. 

[0053] Drawing 6 shows typically In composition of a well layer [ a MQW barrier layer and near / its / the GaN system LD of 
the structure shown in drawing 4 ], In composition of a barrier layer, average In composition of a barrier layer, and a band 
gap. In the form of the 2nd operation, the case where the MQW barrier layer (a following InGaN-MQW barrier layer and 
abbreviated name) which consists of Inx Gal-xN/Iny Gal-y N is used is explained. 
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[0054] 4nm in 2nm in 20% of In composition of a well layer and thickness, 5% of In composition of a barrier layer, and 
thickness then and average composition of In at this time become about 10%. Thus, it was difficult for average composition of 
In to be close to 10%, or for distortion which is produced between an InGaN-MQW barrier layer and a GaN guide layer with 
it [ more than ] to become excessive, and to obtain the quality GaN system LD. 

[0055] In order to solve this problem, in the form of operation of* 3 "** 2, the GaN system LD of the cross-section structure 
shown in drawing 4 was made as an experiment. The difference from the conventional structure of drawing 1 1 between the 
MQW barrier layer (a following InGaN-MQW barrier layer and abbreviated name) 6 which consists of Inx Gal-x N/Iny 
Gal-y N, and the GaN guide layers 5 and 7 Compared with the barrier layer of the InGaN-MQW barrier layer 6, the 
composition modulation layers (a following InGaN composition modulation layer and abbreviated name) 14 and 15 which In 
composition of a barrier layer becomes from low Inz Gal-z N/Inw Gal-w N are formed. The feature is to have decreased 
average In composition [ near the interface of the aforementioned InGaN-MQW barrier layer and a GaN waveguide ] as a 
whole. 

[0056] Band structures, such as an InGaN composition modulation layer formed between the InGaN-MQW barrier layer and 
the GaN waveguide of the both sides, are shown in drawing 5 . Thus, in the form of operation of **** 2, since the amplitude 
of an energy band came to be modulated by keeping the periodicity of a MQW barrier layer fundamental and only changing 
composition of a barrier layer including an InGaN-MQW barrier layer and the InGaN composition modulation layer of the 
both sides, it decided to call the layer introduced between the aforementioned InGaN-MQW barrier layer and the GaN 
waveguide InGaN composition modulation layer. 

[0057] Next, the result which performed the simulation about the threshold voltage and threshold current density of the GaN 
system LD of operation of **** 2 is explained. [ of a form ] In this simulation, it was presupposed that it is GaN In 
composition of the barrier layer in an InGaN composition modulation layer in 0%, i.e., this barrier layer. 
[0058] However, since it is [ from / when acquiring the multilayer structure of LD with quality not producing an abrupt 
change in the material physical properties of a well layer and a barrier layer ] desirable, the aforementioned barrier layer 
cannot be set to GaN, but also let In be the barrier layer added about several%. However, when compared with In composition 
of the barrier layer in near the center of an InGaN-MQW barrier layer, it was made to decrease sharply In composition of the 
barrier layer in a composition modulation layer. 

[0059] Drawing 5 is the ** type view showing the band structure of the barrier layer 6 of the GaN system LD and the 
composition modulation layers 14 and 15 which are shown in drawing 4 , the guide layers 5 and 7, and the clad layers 4 and 8. 
Signs that the difference of the band gap of a well layer and a barrier layer spreads compared with near a MQW barrier-layer 
center in the InGaN composition modulation layer of the both ends of an InGaN-MQW barrier layer from drawing 5 are 
shown. 

[0060] Drawing 6 takes out the near field of the barrier layer 6 of drawing 5 , and shows the relation of a band structure and 
average In composition. There is not only an operation which was stated with the form of the 1st operation and which eases 
the influence of distortion by the interface of an InGaN-MQW barrier layer and a GaN guide layer like, but the GaN system 
LD which introduced the InGaN composition modulation layer into the both ends of an InGaN-MQW barrier layer as 
mentioned above has an advantage on the following thing properties as LD equipment. 

[0061] The relation between the operating voltage of the GaN system LD and the number of wells in an InGaN-MQW barrier 
layer is shown in drawing 7 . The solid line of drawing is the case where it has an InGaN composition modulation layer 
concerning the form of implementation of the above 2nd, and a dashed line is SHISHIMYURESHON about the conventional 
GaN system LD which does not have the composition modulation layer shown for comparison. In this simulation, both the 
carrier densities of p type guide layer and p type clad layer calculated as lx!016cm-3. in addition, the parameter given to each 
curve which shows a simulation result ~ (In composition of In composition / barrier layer of a well layer) of the 
aforementioned InGaN-MQW barrier layer -- for example, (20% / 5%) -- etc. „*****♦„ ft j s shown 
[0062] As mentioned above, the barrier layer of an InGaN composition modulation layer makes In composition of GaN and 
its well layer equal to In composition of the well layer in the aforementioned InGaN-MQW barrier layer. The thickness of 
2nm and a barrier layer of the well layer thickness used for the simulation is 4nm. Moreover, when a composition modulation 
layer is included, the number of MQW wells in case the number of MQW wells of the drawing 8 horizontal axis applies to the 
number of wells of a MQW barrier layer the number of wells contained in a composition modulation layer and a composition 
modulation layer is not included is the number of wells of a MQW barrier layer itself. 

[0063] As shown in drawing 7 , the operating voltage of the GaN system LD which has an InGaN-MQW barrier layer 
increases with the increase in the number of wells. If it compares about 20% of values of the still more nearly same parameter, 
and 5%, compared with the operating voltage of the conventional GaN system LD which does not contain a composition 
modulation layer, a bird clapper understands low the operating voltage of the GaN system LD containing the composition 
modulation layer shown as a solid line with the increase in the number of MQW wells. 

[0064] In LD of this invention which contains an InGaN composition modulation layer between an InGaN-MQW barrier layer 
and a GaN guide layer, when the barrier layer of the aforementioned composition modulation layer exists in the interface of 
the aforementioned barrier layer and the aforementioned guide layer, the reason operating voltage becomes low is because an 
efficiency hetero obstruction becomes gently-sloping in an interface, as shown in drawing 6 . 

[0065] Next, the number dependency of MQW wells of threshold current density is shown in drawing 8 . Both the carrier 
densities of a p-GaN guide layer and a p-AlGaN clad layer calculated as lxl016cm-3. The meaning of the parameter given to 
other simulation conditions and each other curve is the same as that of drawing 7 . 
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[0066] As shown in drawing 8 , the threshold current density of the GaN system LD which has a MQ W barrier layer also 
increases with the increase in the number of MQW wells. However, when In composition ratios of a well layer / barrier layer 
are 20% / 5%, it turns out that threshold current density decreases no less than a maximum of 30% compared with the 
conventional GaN system LD in which the GaN system LD containing a composition modulation layer does not contain a 
composition modulation layer. 

[0067] It turns out that a barrier layer with low In composition is prepared in the ends of an InGaN-MQW barrier layer from 
this, the overflow effect of a carrier will be suppressed if the value of the band gap of the aforementioned barrier layer which 
acts as a composition modulation layer is expanded from the barrier layer in a MQW barrier layer, and threshold current 
density decreases sharply. 

[0068] If the simulation result of the conventional MQW barrier layer which does not contain in drawing 7 and drawing 8 the 
composition modulation layer shown with the dashed line is compared, to change of In composition ratio, the size relation of 
the operating voltage and operating current density in the number of the same wells is reversed, and it turns out in the 
conventional GaN system LD that reduction of operating voltage and reduction of threshold current density were technical 
problems which conflict mutually. 

[0069] On the other hand, the big feature is in the MQW barrier layer in the form of operation of**** 2 containing a 
composition modulation layer to attain simultaneously operating voltage reduction and reduction of threshold current density. 
That is, it became clear that the most important technical problem begins by the MQW barrier layer containing the 
composition modulation layer shown in the form of operation of **** 2, and is attained when [ practical ] saying that it 
operates with the low battery and low threshold current density which have not been conventionally solved as a conflicting 
requirement. 

[0070] Next, based on drawing 9 , the gestalt of operation of the 3rd of this invention is explained. Although the AlGaN cap 
layer needed to be pinched between the barrier layer and p type guide layer in order to lower threshold current density 
conventionally, and the AlGaN cap layer is effective for reduction of threshold current density, to the purpose of operating 
voltage reduction, it is disadvantageous. 

[0071] An Alx Gal-x N cap layer is made to intervene between an InGaN-MQW barrier layer and a p-GaN guide layer, and 
the result which searched for the number dependency of MQW wells of the operating voltage of the GaN system LD by the 
simulation is shown in drawing 9 about the case where the aluminum composition x of the aforementioned cap layer is 
changed. The structure of the GaN system LD used for this simulation differs from the GaN system LD which it shows that an 
AlGalN cap layer exists between the aforementioned InGaN-MQW barrier layer 6 and the p-GaN guide layer 7 to drawing 1 1 
, when it is that a barrier layer is InGaN-MQW and x> 0. 

[0072] The principal part of LD used for the aforementioned simulation The n-GaN contact layer 2 (3 0. 1 micrometers in 
3x1 01 8cm - thickness), The n-AlGaN clad layer 4 (3 0.3 micrometers in 1x101 8cm - thickness), The i-GaN guide layer 5 (0.1 
micrometers in thickness) of undoping, In0.15Ga0.85N(2.5nm)/In0.05Ga0.95N (5nm) and the MQW barrier layer 6, p type, 
or an undoping i type Alx Gal-x N cap layer (3 20nm in 1x1016cm - thickness [ In the case / p / of type ]), p type or the 
undoping i type GaN guide layer 7 (3 0.1 micrometers in 1x1016cm - thickness [ In the case / p / of type ]), It consists of an 
p-aluminumO.15GaO.85N clad layer 8 (3 0.3 micrometers in 1x1016cm - thickness), and a p-GaN contact layer 9 (3 0.1 
micrometers in lxl 01 7cm - thickness). 

[0073] If a cap layer is added as shown in drawing 9 , operating voltage will increase compared with the case where there is 
no cap layer. If the aluminum composition x of a cap layer is increased, since the obstruction height of the aforementioned cap 
layer will increase, it turns out that operating voltage increases. Although the difference with the case where it considers as the 
case where a cap layer and a guide layer are made into conductivity, and an undoping i type is small, the direction made into 
conductivity can make operating voltage low a little. 

[0074] the GaN system LD in the gestalt of the 3rd operation tends to attain optimization, suppressing the increase in 
operating voltage according to the synergistic effect of the reduction effect of the threshold current density of the composition 
modulation layer explained with the gestalt of implementation of the above 2nd, and the reduction effect of the threshold 
current density of the aforementioned cap layer, and tends to obtain the GaN system LD which is a low power 
[0075] Namely, if the aforementioned cap layer is further used between the waveguides which adjoin the aforementioned 
composition modulation layer and this in case [ in which the composition modulation layer of the form of the 2nd operation is 
included ] GaN system LD production is carried out It becomes unnecessary to use an Alx Gal-x N (0.1<=x<=0.2) cap layer 
with large aluminum composition currently conventionally searched for for threshold current density reduction. Alx Gal-x N 
with small aluminum composition (x<=0.05) - it can use - the simulation result of drawing 9 shows that it is very effective 
for operating voltage reduction At this time, it cannot be overemphasized as an operation of a cap layer that threshold current 
density falls further compared with the case where this cap layer does not exist. 

[0076] Next, based on drawing 10 , the form of operation of the 4th of this invention is explained. The GaN system LD in the 
form of operation of**** 4 tends to demonstrate both advantage in multiplication by combining an operation of the 
composition modulation layer explained with the operation of the strain relaxation layer explained with the form of 
implementation of the above 1st and the form of implementation of the above 2nd. 

[0077] That is, as shown in drawing 10 , an InGaN composition modulation layer is formed, the outside is adjoined further, an 
InGaN/GaN strain relaxation layer is formed, the ends are adjoined [ the both sides of an InGaN-MQW barrier layer are 
adjoined, ], and a GaN waveguide is formed. 

[0078] If it does in this way, superfluous absorption is excludable by being able to set to about 0 distortion based on the 
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lattice constant difference between the MQW barrier layers which consist of a GaN waveguide and InGaN in the 
aforementioned MQW barrier layer by operation of the aforementioned strain relaxation layer and the aforementioned 
composition modulation layer, and making into within the limits of the outside of the band gap of the well layer of a MQW 
barrier layer all change of the defective level and the band gap which were produced in the aforementioned strain relaxation 
layer, in case it is distortion relief. 

[0079] moreover, further useful to distorted reduction as an operation of the composition modulation layer which consists of 
InGaN remarkably, the carrier overflow effect can be suppressed and the threshold current density of the GaN system LD 
can be reduced sharply In order to reduce threshold current density, without furthermore raising operating voltage, it cannot 
be overemphasized that it is effective to combine the cap layer stated to the form of the 3rd operation. 
[0080] In addition, this invention is not limited to the gestalt of the above-mentioned operation. In the gestalt of the 
above-mentioned operation, each of strain relaxation layers and composition modulation layers was formed in MQW 
structure, and the strain relaxation layer mainly made In composition of a well layer smaller than the well layer of a MQW 
barrier layer, and the composition modulation layer mainly made In composition of a barrier layer smaller than the barrier 
layer of the aforementioned MQW barrier layer, and the function is attained by controlling the value of a band gap, 
respectively. 

[0081] Moreover, as a function of a composition modulation layer, composition and thickness of a barrier layer and a well 
layer were adjusted, and it was said that these average composition is brought close to the adjoining guide layer or a clad 
layer, however, in the SQW (Single Quantum Well) structure where MQW or the number of wells is one, the value of 
efficiency band GIPPU of a well layer should boil only not only composition of a well layer but well layer thickness in the 
field where especially well layer thickness is very small — an intermediary can also change 

[0082] Therefore, it can attain not only composition of the aforementioned strain relaxation layer, a composition modulation 
layer, and the layer that constitutes MQW for the same function but by changing thickness. It cannot be overemphasized by 
changing both thickness and In composition at this time that optimization of a function can be attained. 
[0083] In the form of the above-mentioned operation moreover, as structure of a barrier layer, a strain relaxation layer, and a 
composition modulation layer Although the case where it was MQW which a well layer / barrier layer becomes from Inx 
Gal-x N/GaN (0< x<=l) or Inx Gal-x N/Iny Gal-y N (0< x<=l, x>y, 0< y<=l, 0 <=x+y<=l) was explained Inx Aly Gal-x-y 
N/Inz Alw Gal-z-w N (and x>z 0< x<=l, 0<=y<=l, and 0 <=x+y<=l --) When using MQW which consists of 0< z<=l, 
0<=w<=l, and 0 <=z+w<=l, the same function can be obtained by controlling composition of In. 

[0084] Moreover, although this invention explained the GaN system LD which has a MQW barrier layer, it is not necessarily 
limited to the GaN system LD. this invention is altogether applicable if it is luminescence equipment which consists of a 
compound semiconductor which has a MQW barrier layer. Moreover, it is not limited to adjoining and forming the strain 
relaxation layer of this invention in a MQW barrier layer, and the same function can be demonstrated also to the GaN system 
Light Emitting Diode which has the barrier layer of the conventional uniform composition, for example, in addition, in the 
range which does not deviate from the summary of this invention, many things can be boiled, and it can deform and carry out 
[0085] 

[Effect of the Invention] As mentioned above, according to the semiconductor luminescence equipment of this invention, the 
grid mismatching between a barrier layer, a guide layer, or a barrier layer and a clad layer is eased, and the distortion in an 
interface is decreased, and it becomes possible to produce the quality GaN system semiconductor luminescence equipment 
which operates with a low battery and low threshold current density by the high yield. Especially, when average In ** of a 
barrier layer is 10% or more, the effect excellent in the semiconductor luminescence equipment of this invention is 
demonstrated. 

[0086] Moreover, in the field near the interface of a barrier layer and a guide layer, by carrying out vast [ of the difference of 
the band gap of the well layer in a barrier layer, and a barrier layer ], the efficiency of eye carrier ****** can be raised, the 
carrier overflow effect can be prevented, and the threshold current density of laser luminescence can be reduced. 
[0087] Operating voltage can be reduced the efficiency hetero obstruction produced in an interface becoming low, and 
maintaining the depressor effect of carrier overflow, in order to decrease in a field with the difference of average composition 
of a barrier layer, and composition of a guide layer still near an interface. There is an effect which furthermore suppresses the 
increase in the operating voltage by addition of a cap layer to the minimum. 



[Translation done.] 



